, and delayed recall (F=22.67, p=0.001) sections of the MoCA. The age of primary insomnia patients was correlated to MoCA total score, immediate memory, delayed recall, and delayed recognition function, also with statistical significance. The years of education of primary insomnia patients was also significantly correlated to overall MoCA score, as well as visuospatial and executive function, naming, attention, language, and abstraction sections of the MoCA.
Introduction
Insomnia is a sleep disorder involving difficulty initiating or maintaining sleep. It leads to a lack of sleep time or poor sleep quality which cannot meet an individual's physiological needs, and as a result significantly affects activities during the day.
According to the criteria of the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV), primary insomnia (PI) involves difficulty initiating and/ or maintaining sleep, or suffering from nonrestorative sleep, for at least one month. It causes clinically significant distress or impairment in social, occupational, or other important areas of functioning. It excludes secondary insomnia caused by other types of sleep disorders, mental disorders, somatic diseases, alcohol abuse, medication, or general medical conditions. [1] Cognition is one of the many kinds of psychological activities of human beings, which includes attention, execution and memory. Memory, as a psychological activity, consists of a series of process such as memorizing, maintaining information, recognition and recall. Memory function is mainly controlled by the frontal lobe and thalamus. Attention, a basic function of individual psychological activity, is the directivity and concentration towards a certain thing, which allows for the normal control of the psychological activities. Attention is a kind of psychological characteristic, similar to psychological processes such as sensation, Insomnia group (40 cases):* -16 mild insomnia -24 severe insomnia Figure 
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Comparison group (48 cases)
Montreal Cognitive Assesment (MoCA) and Episodic Memory Test administered
Data analysis and comparsion performed *severity of insomnia determined after assessment using the Pittsburg Sleep Quality Index perception, learning and memory, thinking, and association. Its basic characteristics are directivity and concentration. [2] [3] Previous studies [4] [5] found that sleep contributed to the functional recovery of the central nervous system and the peripheral nervous system, and that getting enough rest was important for maintaining cognitive function. The test scores in patients with chronic primary insomnia were decreased in digit span, word fluency test, immediate memory, delayed recall, delayed recognition, and event based prospective memory test. Findley et al. performed comprehensive tests on cognitive functions, such as intelligence, attention, concentration, alertness, hand to eye coordination, complex problem solving ability, and immediate and short-term memory, in patients with Obstructive Sleep Apnea Hypopnea Syndrome (OSAHS), and found that the patients' attention, concentration, ability to solve complex problems, and short-term memory were significantly impaired. [3] In this paper, we explore the changes in cognitive function in patients with primary insomnia. Insomnia due to different factors could affect functioning in the cerebral cortex, resulting in cognitive impairment. Longterm insomnia can even lead to larger psychological problems. [6] Complaints of insomnia patients generally include low energy, lack of concentration, and poor memory. But these subjective feelings need to be further studied. The purpose of this study is to investigate cognitive functioning in patients with primary insomnia, to explore the relationship between the severity of insomnia and cognitive function, and factors that may influence the cognitive functioning of patients with PI.
Participants and methods
Participants
Inclusion criteria for the insomnia group: 1) aged 18-60 years old, male or female, 2) meeting DSM-IV criteria for primary insomnia, 3) PSQI score>7, 4) able to take the measurements and providing informed consent to participate in this study. Exclusion criteria: 1) having organic brain diseases or other major somatic diseases, which could cause cognitive impairment or inability to participate in this study, 2) in the prior month to this study, had taken medications/drugs that could affect brain cognitive function or reaction rate. (Not including medications for treatment of insomnia or taken as part of another clinical trial). 3) deemed unsuitable for participation in this study by their clinician.
The patient group under study consisted of outpatients from the sleep clinic of our hospital, including a total of 40 cases, (9 males and 31 females), with a mean (sd) age of 37.3 (9.1) years, mean (sd) length of education 10.8 (3.5) years, and mean (sd) PSQI score of 14.7(3.5).
Inclusion criteria for the control group were the following: 1) aged 18 to 60 years old, male or female, 2) good mental status, no self reported sleep disorder, 3) PSQI scale score<8, 4) able to take the measurements and providing informed consent to participate in this study. Exclusion criteria were the following: having organic brain disease or other major somatic disease, which could cause cognitive impairment or inability to cooperate with this study. A total of 48 cases were included in the control group, with 13 males and 35 females, mean (sd) age of 39.8(10.0) years, mean (sd) length of education 9.3(4.5) years, and mean (sd) PSQI
• 139 • score of 3.1(1.7). There were no significant differences in the mean age, gender, or years of education between the patient group and the control group. All subjects provided written informed consent to participate in this study. In order to further study the effects of age on cognitive impairment in primary insomnia, we divided participants into two groups: 18-44 years old as one group (62 cases, 30 cases in the control group, 32 cases in the insomnia group), and 45-60 years old as the second group (26 cases, 18 cases in the control group, 8 cases in the insomnia group).
Methods
Cognitive function rating scale
1) Episodic memory test consists of immediate memory, delayed recall and long delay recognition. Immediate memory test: participants read out a set of object-related words at a moderate speed and finished in about a minute. Immediately afterwards participant would recall and say these words in two minutes. It was noted how many words were remembered by the participant. This processs was repeated with three word sets and relevant data was documented. Delayed recall test: After 5 minutes, participants would recall, without prompt, the set of words given previously, and the number of words remembered, inserted or repeated was recorded.
Delayed recognition: after about 20 minutes (with intermediate time for other tests), participants were given words, including those previously given and similar ones. Participants were to decide which words had been given and read already. Afterwards a score was calculated based on the number of recognized words minus words given mistakenly. 2) MoCA (Xiehe version) test includes visuospatial and executive function, naming, memory, attention, language, abstraction, delayed recall, and orientation, among which memory is not rated. MoCA (Xiehe version) test has a sensitivity of 0.93, specificity of 0.87, test-retest reliability coefficient of 0.92, and internal consistency Cronbach coefficient of 0.86. 
Insomnia Rating Scale
Pittsburgh Sleep Quality Index (PSQI) is mainly used to test the severity of insomnia. It includes 7 dimensions, (i.e. subjective sleep quality, sleep latency, length duration, habitual sleep efficiency, sleep disturbance, use of sleep medications, and daytime dysfunction), with a total score of 21 points. A PSQI total score less than or equal to 7 points indicates normal sleep, and a PSQI total score greater than 7 points may be determined as sleep disorder. The higher the score, the worse the sleep quality, and the more severe the insomnia. [8, 9] Meanwhile, based on the study by Ma et al. [10] , study subjects with a score of >7 were divided into two groups: mild insomnia group with scores of 8-14, and severe insomnia group with scores of 15-21.
Statistical methods
SPSS 17.0 software package was used for the statistical analysis of all data. Descriptive analysis with mean (standard deviation) was used for basic variables including age, education years, and the scores on PSQI, Hamilton Depression Scale (HAMD), and Hamilton Anxiety Scale (HAMA). Independent sample t-test was used for the comparison of cognitive function between the insomnia group and control group, and for the study of the effect of age on cognitive impairment in those with primary insomnia. One-Way ANOVA Tukey test was used to explore whether cognitive function had changed at different severeity levels for insomnia. Pearson linear correlation analysis was used for the analysis of relevant factors that affected cognitive function. Statistical significance was set as α=0.05.
Results
Demographic variables and clinical characteristics
After analyzing the demographic variables and clinical characteristics of the patient group and control group, it was found that there was no significant difference in gender, age, or years of education. (p=0.324, 0.230, 0.150).
However, the mean (sd) PSQI scores of the two groups were 3.1 (1.7) and 14.7 (3.5) respectively, with statistical value being 495.80. The mean (sd) HAMD scores of the two groups were 3.2 (2.9) and 14.8 (5.6) respectively, with statistical value being 155.53. The mean (sd) HAMA scores of the two groups were 3.3 (2.4) and13.9 (4.4), respectively, with statistical value being 207.31. These three sets of scores had statistically significant differences. (see table 1)
Results of the Montreal cognitive assessment test and episodic memory test
MoCA test results of the control group and insomnia group showed that the mean (sd) scores in naming for the control group and the insomnia group were 2.9 (0.2) and 2.6 (0.6) respectively, with a statistically significant difference. The mean (sd) scores of delayed recall were 3.0 (1.5) and 1.8 (1.4) respectively, with a statistically significant difference. There was no significant difference between the two groups in spatial and executive function, attention, language, abstraction, or orientation. However, there was a significant difference between the two groups in the MoCA total score, as shown in Table 2 .
The results of episodic memory test were the following: the mean (sd) immediate memory score of the control group was 28.0 (5.2), and that of the insomnia group was 24.0 (6.0). The difference was statistically significant (t=3.33, p=0.001). The mean (sd) scores of delayed recall were 11.6 (2.7) and 7.9 (3.1) for the control group and the insomnia group respectively, with a statistically significant difference (t=6.05, p=0.001). However, the mean (sd) scores of delayed recognition were 13.1 (1.9) and 12.7 (2.2) for the control group and the insomnia group respectively, without a statistically significant difference (t=1.01, p=0.315), as shown in table 3.
Effects of severity of insomnia on the dimensions
of the MoCA scale and episodic memory Overall, the control group, mild insomnia group, and severe insomnia group had statistically significant differences in the four aspects of the MoCA scale: naming (F=7.56, p=0.001), language (F=3.22, p=0.045), delayed recall (F=9.17, p=0.001), and total score (F=6.72, p=0.002). Further pairwise comparisons showed that the severe insomnia group had lower scores than the control group in each of the four aspects, (i.e. naming, language, delayed recall, and total score) all with statistically significant differences. However there was no statistically significant difference in the score of each dimension, between the control group and the mild insomnia group, and between the mild insomnia group and the severe insomnia group, as shown in Table 4 .
With regard to the episodic memory scale, there were significant differences in the delayed memory (F=8.41, p=0.001) and delayed recall (F=22.67, p=0.001) scores among the control group, mild insomnia group and severe insomnia group. Further pairwise comparison suggested that the control group and mild insomnia group had higher immediate memory scores than the severe insomnia group, with a statistically significant difference. The mean (sd) scores of three groups were 28.0 (5.2), 26.4 (6.2), and 22.4 (5.4) respectively. With regard to the delayed recall score, the relationship of the scores of the three groups was: control group 11.6 (2.7) > mild insomnia group 9.3 (2.4) > severe insomnia group 7.0 (3.2), with a statistically significant difference. (see Table 6 .
Comparison of cognitive functions between control
groups and patient groups belonging to different age groups Comparison of subjects of different age groups suggested that in the age group of 18-44 years old, the mean (sd) scores of the insomnia group were lower than those of the control group in: naming 2.6 (0.6) vs. 
001).
While in the age group of 45-60 years old, the insomnia group only had lower mean (sd) score than the control group in the delayed recall section of the episodic memory scale, with a statistically significant difference 7.2(3.7) vs 11.6(2.1) (t=3.81, p=0.001). Detailed results are shown in Table 7 .
Discussion
Main findings
Cognitive function changes in patients with
insomnia Contemporary neuroimaging studies have found decreased blood flow during the daytime in the prefrontal cortex of patients with chronic insomnia, a phenomena that could cause impairment to executive functions, such as abnormal functional connectivity between prefrontal cortex and hippocampus in PI patients. However, neuropsychological evidence is still insufficient regarding whether PI patients and chronic insomnia patients have executive function impairment. [11] [12] Chen and Lan [13] found that chronic primary insomnia affected cognitive functions, using Wechsler Memory Test and Wisconsin Card Sorting Test (WCST) for the neuropsychological study of chronic primary insomnia patients. We found that there were significant differences in the immediate memory and in delayed recall between the insomnia group and the control group (p<0.01), as shown in Table 2 . These suggest that the memory function in patients with primary insomnia may undergo great changes. Meanwhile, based on the MoCA scale, we could determine an individuals' visuospatial and executive function, naming, attention, language, abstraction, delayed recall, and orientation. The results showed that patients with insomnia had differences in naming and delayed recall, and no obvious difference in other aspects. This suggests that insomnia could change an individual's cognitive function to some extent.
Relationship between insomnia and impaired cognitive functions
Through the comparison of each indices of cognitive functioning between insomnia patients and healthy subjects, we found that the cognitive functions of insomnia patients were partially impaired, and that the degree of insomnia was plausibly associated with their cognitive functions. In order to further determine the difference of cognitive functions among different groups, the subjects were divided into three groups according to PSQI score, i.e., the control group, mild insomnia group (PSQT 8-14 points), and severe insomnia group (PSQI 15-21 points). Variance analysis was used for cognitive functions of subjects with different degrees of insomnia.
There were differences among the three groups in naming, language, and delayed recall in the MoCA scale, all of which were statistically significant. However the multiple-comparisons among these three groups (i.e. normal group and mild insomnia group, mild insomnia group and severe insomnia group) were not statistically significant. The control group and severe insomnia group were significantly different in the naming, language, delayed recall, and total score. These results showed that the extent and degree of cognitive impairment in patients with different degrees of insomnia were different.
In the episodic memory scale, immediate memory and delayed recall were significantly different among the three groups. Through pairwise comparison we also found that there was a significant difference in immediate memory between the normal control group and the severe insomnia group. There were significant differences in delayed recall between the normal group and the mild insomnia group, between the mild insomnia group and the severe insomnia group, and between the normal group and the severe insomnia group, respectively. These results showed that there was a substantial change in immediate memory and delayed recall in insomnia patients, and that the more severe the insomnia, the more obvious the impairment to memory functions.
Plausible factors affecting the cognitive functions
of patients with insomnia After analysis, we found that, in insomnia patients, age was correlated with episodic memory functions such as immediate memory, delayed recall, and delayed recognition, and with the total score on the MoCA, which suggests that age could be one of the causes of cognitive function impairment in patients with insomnia. In this experiment, the control group and insomnia group were divided into groups of those 18 to 44 years old and 45 to 60 years old. The results showed that after narrowing the age range, there were more indices with statistical differences. In the 18 to 44 years age group, the insomnia group had lower scores than the control group in naming, language, delayed recall and total score on the MoCA, and immediate memory and delayed recall of episodic memory. While in the 45 to 60 year old age group, there was only a statistically significant difference in delayed recall of episodic memory between the control group and the insomnia group, further suggesting that PI's influence on cognitive functions was primarily due to the disease itself, rather than the age factor.
Meanwhile, we found that years of education was also significantly correlated with visuospatial and executive functioning, naming, attention, language, and abstraction on the MoCA scale, suggesting that education was an important factor affecting cognitive functions. Education may change our perception to some extent. However, there were no statistically significant correlations between HAMD, HAMA scores and cognitive sub-factors, indicating that the emotion was not the main factor influencing cognitive factors.
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Limitations
This study has the following limitations: 1) Limited number of assessment scales for the evaluation of cognitive functions. This study only used the MoCA and the episodic memory scale to assess the cognitive status of participants. However, internationally there are many different cognitive function assessment scales emphasizing different aspects. Therefore, future work could use more scales to evaluate the cognitive functioning of participants more comprehensively.
2) A long history of chronic insomnia could be a major factor affecting cognitive functioning. In this study, illness duration was not divided into categories for comparative evaluation.
Implications
The results of this study indicate that PI could affect patients' cognitive functions, mainly manifesting in naming, language, delayed recall, and immediate memory. PSQI scores were significantly lower in the 8-14 group compared to the 15-21 group, indicating that there was a plausible correlation between severity of sleep disorders and degree of cognitive impairment. However, for PI patients, age was in general negatively correlated with episodic memory, and education was positively correlated with visuospatial and executive function, naming, attention, language, and abstraction. With regard to depression and anxiety represented by the HAMD and HAMA scales, there was no significant correlation, except for the negative correlation between HAMD and naming.
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